Abstract-The imaging problem of spotlight synthetic aperture radar (SAR) in the presence of azimuth spectrum folding phenomenon can be resolved by adopting the azimuth deramping-based technique and traditional stripmap SAR imaging algorithm, and this method is the so-called two-step processing approach. However, when the spotlight SAR operates on squinted mode, the echo two-dimensional (2D) spectrum is shifted and skewed due to the squint angle. In such case, the original two-step processing approach is not suitable anymore. This paper presents a novel imaging algorithm using the deramping-based technique and azimuth nonlinear chirp scaling (ANLCS) technique. First, the problem of azimuth spectrum folding phenomenon in squinted spotlight SAR is analyzed. Subsequently, based on the analysis results, the linear range walk correction (LRWC) is applied for removing the squint angle impacts on signal azimuth coarse focusing. At last, a modified azimuth NLCS algorithm is proposed for overcoming the depth of focus (DOF) limitation problem that induced by the LRWC preprocessing. Point targets simulation results are presented to validate the effectiveness of the proposed algorithm to process squinted spotlight SAR data with azimuth spectrum folding phenomenon.
INTRODUCTION
Spotlight synthetic aperture radar (SAR) [1] [2] [3] [4] [5] [6] [7] [8] offers finer azimuth resolution than that achieved in stripmap SAR, because its antenna is steered to illuminate the same scene centre for a loner period.
This imaging mode results in higher Doppler bandwidth signals for a high resolution in azimuth than that in stripmap SAR. However, the elaborate steering of the antenna results in an adverse phenomenon that the total azimuth signal bandwidth might span over several pulse repetition frequency (PRF) intervals, i.e., the so-called azimuth spectral folding phenomenon [5, 6] . This phenomenon limits the straightforward application of traditional stripmap SAR imaging algorithm. Although the polar format algorithm (PFA) [1, 2] can resolve this problem, its application is limited due to its complex and low-efficiency two-dimensional (2D) nonuniform interpolation operation. In past years, three class approaches have been developed to overcome the azimuth spectral folding and extended the focusing capability of traditional stripmap imaging algorithm for the spotlight SAR imaging. They are subapertures, azimuth upsampling, and azimuth deramping-based technique, respectively. The application of subapertures is limited due to its complex implementation and relative low-efficiency, which are induced by the necessary overlap between subapertures and complicated recombination. As for the upsampling approach, large zero padding increases the whole imaging computation load. Compared to aforementioned two algorithms, the azimuth deramping-based approach is more efficient and simpler.
The existing azimuth deramping-based approach [5] [6] [7] are derived based on the broadside spotlight SAR signal model, where the pointing direction of the antenna beam is perpendicular to the flight path at the azimuth center time. However, besides the broadside spotlight SAR, the squinted SAR is another important working mode, where there is an offset angle between the pointing direction of the antenna and the zero Doppler plane at azimuth center time. Compared with broadside mode, the squint mode can increase the flexibility of SAR system, provide information about surface structure through the measurement of the azimuth angle dependence of backscatter and enlarge the extension of azimuth focused scene within a single image. Thus, the investigation on squinted spotlight SAR imaging is especially significant. To extend the traditional deramping-based approach for the squinted spotlight SAR imaging, a modified deramping-based approach with Doppler controid correction using the azimuth linear phase term correction is proposed in [5] . However, from the analysis carried out in this paper, we can find that the azimuth linear phase term correction just partially removes the impacts of squint angle on signal azimuth coarse focusing. Using the modified two-step processing approach with integrated the azimuth linear phase term correction, only the targets at the scene center can be well focused, while the targets at the scene azimuth edge are still defocused and some "ghost targets" are generated due to the residual folded spectrum, and the focused quality of the integrated image is dissatisfactory.
In this paper, a novel imaging algorithm is proposed based on the deramping-based technique and the azimuth nonlinear chirp scaling (ANLCS) technique [9, 10] . The proposed algorithm combines the advantages of the efficient azimuth deramping-based technique and ANLCS technique. First, by exactly analyzing the characteristics of the spectral folding phenomenon of the squinted spotlight SAR, the linear range walk correction (LRWC) is applied as a preprocessing step for the Doppler centroid correction. After the preprocessing step, the impact of squint angle on azimuth coarse focusing is completely removed, and the correct 2D spectrum is obtained. Then, the azimuth deramping-based technique is applied to overcome the azimuth spectral folding problem. At last, a modified ANLCS algorithm is applied for resolving the depth of focus (DOF) problem, which is arising from the LRWC.
This paper is organized as follows. Section 2 analyzes the azimuth spectral folding problem of squint spotlight SAR data, and the LRWC preprocessing is introduced for removing the squint angle impacts and the significant range walk affect. By this preprocessing, the traditional deramping-based azimuth coarse focusing for squinted spotlight SAR is derived in Section 3. Subsequently, Section 4 derives the precise focusing of the azimuth coarse focused signal. In this section, to obtain the high focused quality of high resolution large scene squinted SAR data, a modified ANLCS algorithm is proposed and derived in detailed. Section 5 shows that whole signal processing flowchart of the proposed algorithm, and simulation experiments are carried out in Section 6 to prove the effectiveness of proposed algorithm. Finally, Conclusions are summarized in Section 7. Figure 1 shows the geometry of squinted spotlight SAR in the slant range plane. The SAR sensor travels along the azimuth direction, which is parallel to the X-axis. The platform position at azimuth time zero is at point O, which is also the synthetic aperture center. The squint direction is defined as the direction from the synthetic aperture center to the imaging scene center. (x c , r s0 cos θ s ) is the observed scene center, where r s0 is the distance between the synthetic aperture center and the illuminated spot scene center, and θ s is the squint angle, which is defined as the angle between the range direction and the squint direction. Furthermore, r 0 is the slant range between target P and the platform trajectory along the squint direction, i.e., r 0 = P P , and the instant slant range at time t a is r(t a ; r 0 ).
PROBLEM STATEMENT

Squinted Spotlight SAR Signal Model
is the distance between the synthetic aperture center O and point P , and X s is the illuminated spot area at range r 0 . X is the line passing through target P and parallel to the X-axis, while lines OO , P P , and AA are parallel to each other. Here, note that we also have assumed the platform trajectory to be a straight line, as that described in [5] , and all the derivations and simulations presented in this paper are all carried out based on this precondition.
Using the relationship of triangle AP A , we can obtain the expression of instantaneous range r(t a ; r 0 ) and its Taylor expansion, which is given by
where x a = vt a denotes the instant azimuth position of the platform. The last row of (1) shows that the instant range can be formulated by its Doppler centroid f dc and Doppler rate f dr [11] , where f dc = 2v sin θ s /λ c and f dr = − 
where f r is the range frequency and A r (f r ) is the amplitude of the range frequency signal. In the following sections, a description of the proposed method based on the above-mentioned equations is detailed.
Squint Angle Impact on Azimuth Coarse Focusing
In spotlight SAR, the Doppler centroid of the 2D spectrum is given by
In the right side of (4), there are three terms. The first term is related to the target azimuth position x p , which causes an azimuth-dependent shift of the 2D spectrum. The second term is related to the squint angle θ s , which causes an azimuth-independent shift of the 2D spectrum. The third term is a linear function of the range frequency f r , which causes a skew phenomenon of the 2D spectrum. From (4), we can find that, compared to the squinted stripmap SAR, the 2D spectrum of the squinted spotlight SAR has an extra azimuth-dependent shift. So, the target farthest apart from the azimuth reference position has the largest azimuth-dependent shift. The basis of azimuth coarse focusing is to reduce the signal azimuth bandwidth by changing the chirp rate of azimuth signal, and allows achieving a bulk data compression and pixel spacing smaller than the expected azimuth resolution of the final image. However, in the traditional azimuth coarse focusing, the Doppler centroid of the spectrum is unchanged.
For simplicity and without loss of generality, let us neglect the Doppler ambiguity problem, and just consider the variation of the baseband Doppler centroid [1, 13] in the azimuth coarse focusing. In the 2D spectrum, the folded part of the baseband Doppler centroid is folded in unit of F a . However, after performing the azimuth coarse focusing, the azimuth signal will be sampled by a new sampling frequency, which is imposed by the choice of the deramping function modulation rate. Let F a denote the new azimuth sampling frequency [5, 6] . Therefore, in the coarse focused signal, the baseband Doppler centroid will be folded again, but in unit of F a . In the case of F a = F a , the change in the sampling frequency causes a discontinuity (pointed by the arrow) in the 2D spectrum of the coarse focused signal, as shown in Figures gives the 2D spectrum of a simulated target before and after performing the azimuth coarse focusing. From above analysis, we can observe that the discontinuity in the 2D spectrum of the coarse focused signal is caused by two factors, namely, the Doppler centroid wrapping of the raw signal and the change in the azimuth sampling frequency in the azimuth coarse focusing. When these two conditions are simultaneously satisfied, a discontinuity distortion in the 2D spectrum of the coarse focused signal occurs. For the broadside spotlight SAR, the 2D spectrum is not skewed and the Doppler centroid induced by the squint angle is equal to zero. In such a case, there is no Doppler centroid wrapping in the 2D frequency domain, and the azimuth coarse focusing can be directly applied on the raw signal. However, for the squinted spotlight SAR, in the raw signal, there is always a certain degree of folding of the Doppler centroid as a result of the PRF constraints and the skewing of the 2D spectrum as well as the nonzero Doppler shift. The discontinuity of the 2D spectrum of the coarse focused signal not only deteriorates the focused quality, but also generates "ghost targets" in the final SAR image. Therefore, to obtain the correct coarse focused signal, a preprocessing operation to remove the impacts of the Doppler centroid wrapping should be applied prior to the implementation of the azimuth coarse focusing.
AZIMUTH COARSE FOCUSING
Doppler Centroid Correction Preprocessing
To remove the impacts of squint angle on azimuth coarse focusing, an azimuth linear phase term exp(−j4πf c sin θ s t a /c) is multiplied with the echo signal [5] . For the simplicity of description, we called this method as the azimuth linear phase correction (ALPC). According to (4), we can find that the function of the ALPC is to compensate the Doppler centroid caused by the squint angle (Corresponding to the second term in (4)), and the 2D spectrum will be shift −2f c sin θ s /c in the azimuth direction. After applying the ALPC operation, target 2D spectrum center (Corresponding to the first term in (4)) will be dependent on its azimuth position. And the linear relationship between the Doppler centroid and range frequency is unchanged (See the third term in (4)), so the skew phenomenon of 2D spectrums still exist. Figure 3 illustrates the echo signal preprocessing by different methods. In Figure 3 (a), line 1 and line 2 denote the Doppler centroids of the point targets, which are located at the azimuth scene center and at the azimuth border, respectively. As shown in Figure 3 (b), after applying the ALPC operation, the wrap around of the Doppler centroid corresponding to line 1 disappears. However, for the Doppler centroid of line 2 , a residual wrap around phenomenon still exists, which will has influence on the azimuth coarse focusing. Accordingly, this method cannot completely remove the impact of the folded Doppler centroid on the azimuth coarse focusing.
From the above-mentioned analysis, we can observe that if we want to completely solve the Doppler centroid wrap around problem, the skewing of the 2D spectrum must be corrected besides avoiding the azimuth shift of the 2D spectrum. Based on this idea, the linear range walk correction (LRWC) [11] is used in this paper. The correction phase term is given by
From (5), we can note that the function of the linear range walk correction includes two aspects: First, removing the Doppler shift induced by the squint angle (Corresponding to the first exponential term in (5)); and second, correcting skewing of the 2D spectrum (Corresponding to the second exponential term in (5)). Figure 3 (c) shows the 2D spectrum after applying the LRWC operation. It is evident that the wrap around phenomenon of the Doppler centroid of all the targets has been removed. Besides, by correcting the skewing of the 2D spectrum, the significant range walk effect in the RCM is also greatly mitigated, which simplifies the following SAR imaging processing.
On multiplying (5) with (3), yields 
where symbol ⊗ az denotes the azimuth convolution. After this application, the targets at the reference ranges are correctly focused in azimuth direction, but the targets at other ranges are only partially focused. It is necessary to focus the partially focused targets in a subsequent operation in order to obtain precise focusing over the whole scene.
PRECISE FOCUSING
Range Focusing
By applying the two-dimensional Fourier transform of (8), the signal spectrum can be obtained
where SS (f r , t a ; r 0 ) is the spectrum of azimuth preprocessed signal, and the exponential term is the spectrum of azimuth reference signal.
To obtain the azimuth preprocessed signal spectrum, rewriting (1) as follows
In (10), only the odd-order components of the higher order Taylor (≥ 5th) expansion terms are ignored. This approximation has a very high accuracy. Substituting (10) into (6), and applying the azimuth FFT, yields
where f aM = 2v cos θ s /λ c . For the cross-coupling phase compensation, there are several options could be chosen, such as the range-Doppler method [1] , chirp scaling [13] and Stolt interpolation [13, 14] . Here, we use the modified Stolt interpolation [15] due to its simpler derivation. According to the cross-coupling term in (11), the following modified Stolt variable mapping is applied
where f r is the mapped range frequency to be compared with f r . Applying azimuth FFT on the signal after the Stolt interpolation, yields
where B r is signal bandwidth. Inspecting (13), we can find that the LRWC results in an azimuth-dependent displacement in the range envelope. In other words, the targets that have different initial slant ranges now may lie in the same range. This is the so-called DOF problem [11] , which will hamper the direct use of the traditional azimuth filtering processing, and make the azimuth compression more complicated.
Azimuth Focusing
Let Ψ(f a ; r 0 ) denote the phase of the range-focused signal (13) , and rewrite it as
where f aM = 2v cos θ s /λ c . Under the assumption of |f a | |f aM |, expanding (14) into a power series in f a , yields
The coefficients ψ 0 , ψ 1 , ψ 2 , ψ 3 and ψ n are given by
where
is the azimuth FM rate at range r 0 . For the simplicity of description, we called the summation of the terms above the third-order as higher-order phase (HOP). Based on (15), let us carry out an analysis on the impacts of the azimuth mismatched filtering that induced by the LRWC preprocessing operation.
Depth of Focus Problem
The DOF problem is induced by the mismatch filtering of the secondorder azimuth phase, i.e., the third expansion term in (15) . For a specified SAR system, we can compute the range depth of focus (RDOF) δr RDOF [11] as follows
where ρ a is the azimuth resolution. Using inequality (17) , the corresponding azimuth depth of focus (ADOF) δx ADOF can be computed as
From (17) and (18), we can find that δx ADOF becomes smaller when azimuth resolution gets finer, squint angle gets larger, and/or wavelength gets longer. As an example, assuming an X-band squint SAR system with the following typical parameters: λ c = 0.03 m, r 0 = 500 km, and v = 7 km/s. Then, Figure 4 shows the relationship between δx ADOF and the squint angle for typical azimuth resolution (ρ a ). From Figure 4 , we can find that as the squint angle larger or the resolution higher, the ADOF decreases quickly. For example, with 1m resolution, the ADOF value is 344.2 m and 71.92 m at the squint angle of 30 • and 50 • , respectively. These ADOF values are far smaller than the illuminated scene size of the general spaceborne SAR system.
Due to the impacts of ADOF, different methods could be used for target azimuth focusing correspondingly with different real conditions. First, when the scene azimuth size is smaller than δx ADOF , the impacts of ADOF limitation can be ignored, and the traditional matched filtering method can be directly applied for azimuth focusing. Second, when the scene azimuth size is larger than δx ADOF , the impacts of the ADOF limitation can not be ignored anymore, and a modified azimuth compression method is needed to obtain the well focused integrated SAR image. Obviously, the former case is simpler, while the latter case is more complicated and difficult.
Impacts of the Higher-order Phases
Besides the ADOF problem, the impacts of the higher-order (≥ 3rd) phases mismatched filtering also need to be considered in the high resolution squinted SAR imaging. Substituting r LRWC = r 0 + x p sin θ s into the coefficient ψ 3 , and we have
where ψ 3, LRWC and ψ 3, s denote the azimuth-independent coefficient and the azimuth-dependent coefficient of the third-order phase, respectively. And their expressions are given by
The maximum values of the azimuth-independent third-order phase (AITOP) and azimuth-dependent third-order phase (ADTOP) can be expressed as
Similarly, substituting r LRWC = r 0 + x p sin θ s into the coefficients ψ n (n ≥ 4) of the higher-order phases, yields
v sin θ s denote the azimuthindependent coefficient and the azimuth-dependent coefficient of the nth-order phase, respectively. And the maximum values of the azimuth-independent HOP (AIHOP) and azimuth-dependent HOP (ADHOP) are given by
Based on above derivation, let us carry out an analysis on the impacts of the azimuth-independent and azimuth-dependent phases. Assuming an X-band squinted SAR system with the following typical parameters: λ c = 0.03 m, r 0 = 500 km, v = 7 km/s. Figure 5 shows the AITOP and AIHOP versus squint angle for specific azimuth resolutions. From Figure 5 , we can find that the azimuth independent phases gets larger when the squint angle gets bigger, and/or the azimuth resolution gets finer. Moreover, for the same configuration, the value of AITOP is much larger than that of AIHOP. In general SAR imaging, the impacts of the azimuth-independent phase can be ignored when they are smaller than the acceptable level π/4. Otherwise, their impacts must be considered, and the compensation method for removing the impacts should be performed. Using the same simulation parameters, Figure 6 shows the azimuth-dependent third-order phase (ADTOP) and the azimuthdependent higher-order phase (ADHOP) versus to squint angle and azimuth position for azimuth resolution of 1m. From Figure 6 , we can find that the values of ADTOP and ADHOP are very small for most squinted SAR systems, but their values gets larger as the squint angle gets bigger, the resolution gets finer, and/or the azimuth position gets larger. When they are smaller than the acceptable level π/4, it is reasonable to ignore their impacts. Moreover, observing Figure 6 (b), we can find that the ADHOP is smaller than π/4 in a very large scene. So, in most large scene high resolution squinted SAR imaging, it is reasonable to neglect the impacts of ADHOP. Compared to the ADHOP, the ADTOP has much larger value for the same azimuth position, so its impacts must be considered in the large scene high resolution squinted SAR imaging.
Based on above analysis, we neglect the ADHOP in the following derivation, and rewriting (13) as follows
The first exponential term is a constant, which has no impacts on the target focused quality and is ignored.
Azimuth Compression with the Modified ANLCS
Now, let us carry out a deep evaluation on the azimuth-dependent characteristic of the azimuth FM rate. To model the azimuth dependence of the FM rate, substituting r LRWC = r 0 + vt p sin θ s into K a and expanding it in terms of t p and keeping up to the first-order, yields
where K LRWC and K s are given by
From (25), it is easy to find that the azimuth-dependent characteristic of the azimuth FM rate is very similar to the range-dependent characteristic of the range FM rate. Therefore, we can apply the chirp scaling principle used in the nonlinear chirp scaling (NCS) algorithm [16] to the azimuth signal for equalizing the azimuth FM rate, and this method is the so-called azimuth nonlinear chirp scaling (ANLCS) algorithm [8] .
Based on above analysis, we just consider the impacts of ADTOP and ignore the impacts of ADHOP in the following derivation. The AITOP and AIHOP can be compensated by multiplying (24) with a function which is formulated as
Multiplying (27) with (24), yields
Before performing the ANLCS operation, a fourth-order azimuth filter should be first applied, which is used for deriving the expressions for the chirp scaling phase function coefficients. The fourth-order filter factor is given by
The azimuth filtering step is then represented by
where ψ 3, s = ψ 3, s /π. Transforming (30) into the azimuth time domain by the POSP, yields
In above transformation, the cubic and quartic phases are assumed to be very small, and their impacts on the stationary point evaluation are ignored, i.e., the signal (30) is assumed to be dominantly linear FM, with the small nonlinear FM component. From (31), we can find that the expression of the azimuth modulation signal is similar to the range modulation, but they have quite different time scales. After the azimuth filtering, a fourth-order chirp scaling factor is introduced for eliminating the azimuth dependence of the azimuth FM rate and compensating the AITOP. The fourth-order chirp scaling factor is given by
Multiplying (31) with (32), yields
Transforming (33) into azimuth frequency by using the POSP again, yields
Let Θ(f a ) denote the phase term of (34), and expressing it as a power series of t p and f a , yields
There are seven terms in (35). The first term is due to the azimuthindependent phase modulation. The second term is target real azimuth position. The third term is the main factor that causes the geometric distortion of nonuniform shift in the azimuth direction. Because of the term t 2 p , the shift is always to the right, and the targets furthest away from the scene azimuth center suffer the most shift. In [8] , an interpolation method is used for removing this geometric distortion and moves the focused target to the correct position. The fourth and the fifth terms as well as the sixth term are due to the azimuth-dependent phase modulation, which are the main factors that limit the size of the DOF. The seventh term is independent of the azimuth frequency, which has no impacts on target focused quality, and can be reasonably ignored if a magnitude image is the final product. But in the interferometric SAR, the impact of this term should be considered. The last term denotes the summation of all the other expansion series terms, which are very small and their impacts are neglected.
To eliminate the azimuth-dependent geometric distortion and the azimuth dependence of the azimuth filtering, we set the coefficient B(q 2 , q 3 , q 4 , Y 3 , Y 4 ) to −π/α, where α = 0.5 is an introduced constant factor. And all the other coefficients of the terms, which contain t k p f l a , k = 0, l = 0 in (35) are set to zero. Then we have five equations for five unknowns as
Solving (36), and the parameters are given by
Substituting (37) into (34), we can obtain the range-Doppler (range time and azimuth Doppler) domain echo signal after implementing the fourth-order nonlinear chirp scaling operation, which is given by sS (τ, f a ; r LRWC )
Inspecting (38), it is evident that the azimuth-dependent characteristic of the azimuth modulation terms has been completely removed, and the azimuth-dependent geometric distortion is also corrected. From the envelope W a [·] in (38), we can find that there is a shift in the azimuth spectrum. In most cases, this spectrum shift has no impacts on the imaging results because the azimuth signal is usually oversampled. Therefore, as long as the shift in the spectrum envelope stays within this constraint, no aliasing of the spectrum will occur. However, if the spectrum shift exceeds the constraint, the spectrum extension method should be applied to resolve the spectrum aliasing problem [17] .
From (38), the azimuth compression factor is given by
Multiplying (39) with (38), and transforming the result signal into the azimuth time domain, then the final focused SAR image is obtained
From (40), we can find that the target is focused at position [r 0 + x p sin θ s ,
], which is offset from the correct position. The method to resolve this problem is simple. First, multiplying the focused target signal with exp(−j2πx p sin θ s f r ) in the range frequency and azimuth time domain, and the displacement error in range direction can be eliminated. Second, adjusting the azimuth sampling interval ∆x by multiplying with 2α puts the target at a position matching the real azimuth coordinates.
FLOWCHART OF THE PROPOSED APPROACH
Based on the derivations carried out in previous sections, Figure 7 shows the whole imaging flowchart of the proposed approach for processing the squinted spotlight SAR data in presence of the azimuth spectrum folding problem, and X s is the azimuth size of the illuminated spot scene. The whole imaging processing consists of three steps: signal preprocessing, azimuth coarse focusing and precise focusing. 
SIMULATION EXPERIMENTS
To prove the correctness of the theory analysis and the effectiveness of the proposed approach in this paper, targets imaging simulation experiments were carried out. The simulation parameters are shown in Table 1 .
The simulation uses an array of 25 targets, which are shown in Figure 8 . Target 13 is set in the scene center. All the targets are 1.5 km apart from one another in range direction, and 0.75 km apart from one another in azimuth direction. Using the simulated parameters shown in Table 1 , we can calculate that the total azimuth bandwidth of the echo signal is about 9 kHz, which is much larger that the PRF, so the signal azimuth spectrum will be folded. Moreover, it is easy to compute that the ADOF δx ADOF is about 344 m, which is much smaller than the size of the scene azimuth width, so the impacts of the ADOF must be considered in the imaging. To obtain a well focused quality of the integrated real image, the proposed algorithm with integrated the modified ANLCS is applied for the simulated data imaging. Figure 9 shows the imaging results obtained by different methods. To clearly observe target focused quality, none weighting or sidelobe Figure 8 . Targets distribution.
suppressing measure are applied. Moreover, to observe all the "ghost targets" in the SAR image, a different extension region is kept in the image shown in Figure 9 (a) in the range and azimuth directions. Figure 9 (a) shows the result obtained by the two-step processing approach with integrated the ALPC [5] . Observing the image, we can find that the targets located around the scene azimuth center are well focused. However, for the targets at the azimuth border, due to the impacts of the residual wrap around the coarse focused data, their focused quality is still unsatisfactory and some "ghost targets" (Circled by the red dashed rectangle) could be observed. When compared with the above-mentioned result, the imaging result obtained by our proposed algorithm has better focused quality, as shown in Figure 9 (b). It can be found that not only the "ghost targets" completely disappear, but also all the targets are well focused.
(a) (b) Figure 9 . Simulation results by using (a) two-step processing approach with integrated ALPC operation, and (b) our proposed algorithm with integrated ANLCS operation. Figure 10 . The subimages extracted from Figure 9 (b). In order to clearly observe the quality of the simulated targets by our proposed algorithm, we extract the subimages of targets 1, 7, 13, 19 and 25 from Figure 9 (b), as shown in Figure 10 . All the extracted subimages are interpolated by the same zeros padding the spectrum in the energy gaps and inverse transforming. Moreover, to clearly observe target focused quality, no weighting or sidelobe suppressing measure are applied. Observing the subimages shown in Figure 10 , it is easy to find that all the targets are well focused, which means the AODF limitation problem is effectively resolved.
Moreover, Table 2 summarizes the measured resolutions ρ a (3 dB width), the Peak Sidelobe Ratio (PSLR) and the Integrated Sidelobe Ratio (ISLR) [13] of the extracted targets in azimuth dimension, which could provide a quantitative evaluation on the targets focused quality. It can be observed that the focusing is nearly perfect for all the targets corresponding to the theoretical values. Figure 11 shows the position errors of targets 1 ∼ 25 between their real positions and the theoretic positions. Observing Figure 11 , it is easy to find that the position errors of all the targets in both range and azimuth direction are smaller than 0.5 resolution cell, which is so small and can be neglected in most cases.
CONCLUSIONS
In this paper, a novel imaging algorithm for large scene high resolution squinted spotlight SAR based on the deramping-based technique and ANLCS principle is demonstrated. A deep analysis on the azimuth spectrum folding phenomenon of squinted spotlight SAR is carried out first and the reason of the squint angle impacts the azimuth coarse focusing is found out. Based on the analysis result, the LRWC preprocessing is applied for removing the squint angle impacts, and the correct azimuth coarse focusing result is obtained. At last, a modified ANLCS algorithm is proposed for resolving the DOF problem induced by the LRWC preprocessing, so the squinted spotlight SAR image with high focused quality is obtained. The signal processing flow of the proposed algorithm is derived in detailed, and the presented approach is validated by point targets simulation experiments.
